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OPTICAL SENSOR AND TEST METHOD FOR
TESTING THE OPERABILITY OF AN
OPTICAL SENSOR

BACKGROUND
Technical Field

The invention relates to a test method for testing the oper-
ability of an optical sensor for monitoring a monitored zone in
which at least one test object is used which is located in a
detection zone of the sensor including the monitored zone.
The invention further relates to an optical sensor for monitor-
ing a monitored zone having a detection device for observing
a detection zone including the monitored zone and having at
least one test object within the detection zone.

Apparatus for object detection or object localization
include e.g. light scanner systems, with laser scanners fre-
quently being used. In this respect, a light beam generated by
a laser is deflected via a light deflection unit of the scanner
system into a protected zone and is reflected or remitted there
by an object which may be present. The reflected or remitted
light moves back to the scanner system again and is detected
by a receiver there. The light deflection unit is frequently
designed to be pivotable or rotatable such that the light beam
generated by the laser sweeps over a detection zone generated
by the pivot movement. If a reflected light signal received by
the receiver is received from the monitored zone, a conclusion
can be made on the angular position of the object in the
protected zone from the angular position of the deflection
unit.

If the time of flight, e.g. the time of flight from the—e.g.
pulsed—Ilaser light is additionally monitored, a conclusion
can also be drawn on the distance of the object from the laser
scanner from the time of flight using the speed of light. Two
dimensional protected fields can e.g. be monitored com-
pletely in this manner. A deflection in a further spatial direc-
tion or a use of a plurality of such scanners with protected
fields arranged in fan shape also allow the monitoring of a
three-dimensional space.

Such systems are used e.g. in driverless transport systems
to avoid collisions. Other applications relate e.g. to machines
in which a danger zone has to be monitored which may not be
infringed by an operator in the operation of the machine. It
can in this respect e.g. be a robot working zone. If the pres-
ence of an unpermitted object—that is, for example, a leg of
an operator—is detected in the danger zone with the help of
the laser scanner, an emergency stop of the machine is
effected.

Such scanner systems are e.g. described in DE 39 08 273
Cl or EP 1 980 871 B1.

Optical sensors can, on the other hand, also be distance-
measuring sensors which draw a conclusion on the distance
e.g. from the light duration a light signal irradiated into a
monitored zone requires back to the sensor again after reflec-
tion at an object in the monitored zone.

The above-described systems often have photodiodes or
photodiode arrays as receivers. Camera-based receivers are,
however, also known.

A monitoring of the most important power functions is
necessary for checking the operability, in particular of the
reliable object detection and object localization by a safety
system.

EP 2394 882 A1 describes a radar scanner, for example, for
monitoring a rail track, wherein an object, here a barrier, for
example, is introduced into an observed zone and the image
then scanned is compared with an image previously scanned
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without the object. It is checked in this manner whether the
scanner correctly detects the introduced object so that a state-
ment is possible on its operability.

Itis advantageous if the safety can be permanently ensured
by a suitable testing.

SUMMARY OF INVENTION

The object of the present invention is to provide the further
improvement and increase in the safety of a test method for
testing the operability of an optical sensor and to provide a
correspondingly configured optical sensor. This object is sat-
isfied by a test method having the features of claim 1 or an
optical sensor having the features of claim 9. Dependent
claims are directed to preferred embodiments and aspects.

In accordance with the invention, at least one test object is
used which is located in a detection zone of the sensor includ-
ing the monitored zone of the sensor. The monitored zone is
in this respect that zone which should be monitored using the
sensor. The detection zone of the sensor is in this respect that
region which can actually be detected by the sensor. In this
respect, the test object in the test method in accordance with
the invention is always located in the detection zone of the
sensor so that it can be seen by it.

Provision is made in accordance with the invention that the
test object is changed during the carrying out of the test
method with respect to its position in the detection zone, its
alignment or its optical properties. This change is monitored
in the test method in accordance with the invention. For this
purpose, either a comparison with a previous observation is
carried out after the change which was made e.g. in a previous
test run and was stored. This test can, for example, be repeated
periodically and then ensures a permanent functional test. In
an alternative embodiment, the test object is observed during
the change and a conclusion on the operability of the sensor is
drawn from the course of the observed change.

The method in accordance with the invention is therefore
characterized in that a dynamic test object is used and not only
the presence or measurability of the test object is monitored,
but rather also its change.

A conclusion can accordingly be drawn on the operability
of the sensor from the observation of the change of the test
object. If the observation does not correspond to the expected
result, a test signal can be output, for example an alarm signal
to a user or a stop signal for a machine or for a vehicle.

It is generally possible that the detection zone and the
monitored zone of the sensor do not coincide. Provision can
thus e.g. be made with driverless transport systems that the
dynamic test object is moved together with the vehicle and is
located in the detection zone of the sensor for testing the
operability thereof. The monitored zone of the sensor, in
contrast, includes e.g. the space in front of the vehicle. The
scanner then detects a detection zone including the test object
on the vehicle and the space (the monitored zone) in front of
the vehicle. In other applications, e.g. with stationary
machines with a danger zone to be secured, it may be advan-
tageous, on the other hand, if the test object is located in the
monitored zone.

The test method in accordance with the invention can be
used in various sensor systems, e.g. in distance measurement
systems, two-dimensional or three-dimensional scanners,
camera-based sensors or sensors based on the time of flight of
light.

The observation step of the method in accordance with the
invention can e.g. include the detection of an optical property
of the test object to carry out the test method. In a preferred
further development, a light signal can thus e.g. be transmit-
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ted into the monitored zone and the light signal reflected or
remitted by the test object can be evaluated. If e.g. the observ-
able reflection pattern of the test objet is varied in a manner
still to be described, the detected change can be evaluated to
recognize whether it corresponds to the expected change and
the test object has been correctly recognized in this respect.

A possibility to change the test object is to move, e.g.
displace, the test object within the detection zone. An evalu-
ation of the observed position change produces information
on whether it corresponds to the position change actually
carried out in order thus to obtain information on the oper-
ability of the sensor. Such a test method additionally also
allows the determination whether the sensor correctly mea-
sures a displacement of an object so that not only the detection
of an object is ensured using such a test method, but rather
also the capability of the sensor to correctly determine a
positional change.

Another embodiment provides that a test object, which is
not the same from all sides, is rotated during the carrying out
of the test method. A time pattern of the reflectivity arises by
the rotation. An evaluation of this time extent and a compari-
son with an expected extent in turn provides reliable infor-
mation on the operability of the sensor.

An advantageous further development of this embodiment
provides that the test object is continuously rotated and to this
extent a periodic change of the optical properties, e.g. of the
reflectivity, can be observed and evaluated.

Thetest object is active inanother embodiment in that ithas
a light source which is switched on or off to change the test
object. Such achange cane.g. also take place periodically and
the periodic signal measured by the sensor at the site of the
test object can be compared with the expected signal to be
able to reliably determine the operability of the sensor.

A further advantageous embodiment provides that the at
least one test object has a diaphragm with which e.g. a light
source can be masked such that it no longer illuminates the
receiver of the sensor. A simple embodiment e.g. provides the
use of a liquid crystal shutter (LCD shutter) as a diaphragm.
Opening and closing the diaphragm and observing the test
object with the optical sensor allows the determination
whether the sensor is working correctly in a reliable manner.

An optical sensor in accordance with the invention for
monitoring a monitored zone has a detection device for
observing a detection zone which includes a monitored zone
of the sensor. At least one test object is provided within the
detection zone.

In accordance with the invention, the optical sensor
includes a change device for changing the position of the at
least one test object in the detection zone, the alignment or the
optical properties of the at least one test object. An evaluation
device is provided with whose aid a signal of the detection
device can be evaluated and a test signal can be produced in
dependence on the observable change of the test object. An
optical sensor in accordance with the invention therefore
allows the carrying out of the optical test method in accor-
dance with the invention in that the test object is observed
during its change with the aid of the detection device and the
observed signal is compared with the expected signal. Non-
coincidence of the observed signal and of the expected signal
results in the production of a test signal as already described
above.

The optical sensor itself can e.g. be a two-dimensional or
three-dimensional scanner or a distance measurement system
which works according to the principle of the time of flight of
light.
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The advantages of the optical sensor in accordance with the
invention result from the advantages already described above
for the test method which can be carried out with it.

Special embodiments of the optical sensor in accordance
with the invention result from the above description of the
particularly preferred aspects of the test method in accor-
dance with the invention. The optical sensor in accordance
with the invention in accordance with preferred embodiments
can in particular have a device for moving the at least one test
object, e.g. for its displacement within the detection zone or
for its rotation.

Other embodiments provide that the test object includes a
light source which can be switched on or off by a correspond-
ing change device. Another embodiment provides that the test
object includes a diaphragm and the change device of the
optical sensor in accordance with the invention is configured
to open or close the diaphragm.

It is possible both with the test method in accordance with
the invention and with the optical sensor in accordance with
the invention to combine in an advantageous manner the
described embodiments and aspects with (i) a displaceable
and/or (ii) rotatable test object which is (iii) additionally
configured as a light source and/or (iv) can be masked and/or
(v) with atest object which can be changed in another manner.
A plurality of test objects of the same type or of test objects
working in accordance with different aspects can also be
used.

The invention will be explained in detail with reference to
the enclosed schematic Figures which show different
embodiments. In this respect, the Figures are not to be under-
stood as true to scale. There are shown

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 an embodiment in accordance with the invention of
an optical sensor with a displaceable test object;

FIG. 2 an embodiment in accordance with the invention of
an optical sensor with a rotatable test object;

FIG. 3 an embodiment in accordance with the invention of
an optical sensor with a test object which includes a light
source;

FIG. 4 an embodiment in accordance with the invention of
an optical sensor which includes a diaphragm; and

FIG. 5 a modified embodiment in accordance with the
invention of an optical sensor with a test object with a dia-
phragm.

DETAILED DESCRIPTION

The aspects shown in the Figures each relate to scanner
systems for monitoring a protected zone, e.g. for unpermitted
objects. It can e.g. in this respect be a scanner system which
monitors the danger zone of a machine, e.g. of a press brake.
If an unpermitted object, e.g. a limb of an operator, is located
in the danger zone of the machine, this must be detected by the
optical sensor and a corresponding signal must be output to an
operator or a stop signal to the machine.

The Figures respectively show such a scanner system 10
which transmits a light signal 14 into a detection zone 12. The
light beam 14 is periodically deflected in a manner known per
se in the direction of the arrow 16 to carry out the scanner
function. The signal of the scanner system 10 is evaluated
with the aid of an evaluation unit 18.

In accordance with the invention, one or more test objects
are used to check the operability of the scanner system and
can be observed using the scanner system 10.
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FIG. 1 thus shows a test object 20 which can be displaced
in the direction 22. The movement of the test object 20 in
direction 22 means a dynamizing of the test object 20. The
signal of the scanner signal 10 can be examined as to whether
the detected movement of the test object 20 corresponds to the
actually carried out movement which is effected e.g. by a
corresponding displacement device and is known.

Such a system allows the check of the operability of the
optical sensor, on the one hand. If the measured signal does
not correspond to the set movement of the test object 20, a
stop signal is e.g. output to a machine which is monitored by
the system. In addition, such an embodiment allows state-
ments on whether and how precisely a positional change of an
object in the detection zone 12 can be detected.

FIG. 2 shows another embodiment in which the test target
30 has dark and light regions 31a and 3156 respectively. The
test object therefore has regions of different reflectivity. If the
test object is rotated in the direction of the arrow 32, a peri-
odically changing reflectivity pattern arises in this manner. It
can be detected using the scanner system 10 and the correct
operability can thus be checked.

It the measured periodic signal e.g. does not correspond to
the rotational speed or if it cannot be detected at all, a mal-
function of the scanner is obviously present.

FIG. 3 shows another embodiment in which the test object
40 includes an illumination source. The illumination source
40 can be switched on and off and the switching on and off
process can be monitored using the scanner system 10. If the
observed signal does not correspond to the expected signal,
there is again obviously a malfunction of the sensor. It is also
possible here to carry out a periodic switching on and off so
that the scanner system 10 can e.g. monitor the frequency.

FIG. 4 describes an embodiment in which the test object 50
has an article 54 which is arranged behind a diaphragm 52.
The article 54 can e.g. in turn be an illumination source. An
opening and closing of the diaphragm 52 therefore changes
the signal which can be detected by the scanner system 10.

In another aspect, the object 54 e.g. includes a reflective
body which can be covered by a diaphragm 52 which is not
designed as reflective. The reflection signal of the test object
50 which can be measured by the scanner 10 is changed here
by opening and closing the diaphragm 52.

FIG. 5 describes a modification of such an aspect in which
the test object 60 includes an article 64 which is arranged in a
housing 66 whose side facing the scanner includes a dia-
phragm 62. The article 64 is additionally protected within the
housing 66 here so that the contamination probability is
smaller.

The diaphragm 52, 62 can include an LCD shutter both in
the aspect of FIG. 4 and in the aspect of FIG. 5. In this manner,
no mechanical change of the diaphragm position is necessary,
but the diaphragm 52, 62 can rather be made permeable for
light or can be masked with the aid of an electric signal.

The additional advantage thus in particular results in the
aspect of FIG. 5 that a contamination-preventing atmosphere
can be produced in the housing 66. The liquid crystal shutter
(LCD shutter) acting as a front screen can e.g. be cleaned in a
simple manner by ultrasound, by movement or with the aid of
a “screen wiper”. In addition, such a front screen designed as
an LCD shutter can be configured so that it is only permeable
for the wavelength of the transmission light of the scanner
system 10 so that the influence of environmental light on the
quality of the test is reduced.

Different parameters can be used for the test objects used in
accordance with the invention. It is, however, e.g. advanta-
geous if the size of the test target is in each case selected to be
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6

so large that it corresponds to the beam diameter of the scan-
ner system 10 or the geometrical resolution of the sensor.

In addition, the observed size of the test target can be
monitored as to whether it coincides with the actual size,
which means an additional security in the function test of the
sensor.

In the embodiments shown in the Figures, the test object is
located in a monitored zone which can also correspond to the
protected zone. In other aspects, the test object is in each case
located in a region which is actually not monitored for the
presence of disallowed objects by the scanner system 10, but
nevertheless belongs to its detection zone so that the test
object can be monitored.

The described embodiments can also be combined, with
either a plurality of test objects being used which are changed
in different ways or with a test object being able to be sub-
jected to different changes, that is, for example, displaced
and/or rotated and/or switched off, etc.

All embodiments of the optical sensor in accordance with
the invention share the common feature that the test object can
be changed for carrying out a test method in accordance with
the invention and that the test object can be dynamically
observed in this way.

REFERENCE NUMERAL LIST

10 scanner system

12 detection zone

14 scan beam

16 scan beam movement

18 evaluation device

20 displaceable test object

22 direction of displacement

30 rotatable test object

31a dark regions of the test object
315 light regions of the test object
32 direction of rotation

40 test object with light source

50 test object with diaphragm

52 diaphragm

54 article

60 test object with diaphragm

62 diaphragm

64 article

66 housing

The invention claimed is:

1. A test method for testing the operability of an optical
sensor (10) for monitoring a monitored zone, wherein the
sensor (10) has areceiver for object detection, wherein at least
one test object (20, 30, 40, 50, 60) is used in the test method
and is located in a detection zone (12) of the sensor (10)
including the monitored zone, wherein

the at least one test object (20, 30, 40, 50, 60) is changed

during the carrying out of the test method with respect to

its position within the detection zone (12), its alignment

or its optical properties,

the position within the detection zone is changed from
an initial position to a predetermined displacement
position;

the atleast one test object (20, 30, 40, 50, 60) is observed (i)

after the change for comparing with a previous observa-
tion and/or (ii) during the change with the aid of a detec-
tion device; and

at least one test signal is produced when the observed

change does not correspond to the change carried out
during the performing of the test method.
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2. A test method in accordance with claim 1, wherein the
detection device is the receiver of the sensor (10).

3. A test method in accordance with claim 1, wherein the
observation step includes the detection of an optical property
of the at least one test object (20, 30, 40, 50, 60).

4. A test method in accordance with claim 3, wherein the
optical property is a reflection or remission.

5. A test method in accordance with claim 1, wherein the at
least one test object (20, 30) is moved within the detection
zone (12) to change the test object (20, 30).

6. A test method in accordance with claim 5, wherein the at
least one test object (20) is displaced within the detection
zone (12) to change the test object (20) and the positional
change is observed.

7. A test method in accordance with claim 5, wherein a test
object (30) is used which is not the same from all sides and the
test object (30) is rotated to change it.

8. A test method in accordance with claim 7, wherein the
test object (30) is rotated at least over a specific time period
and the extent of the change is evaluated for the production of
the test signal.

9. A test method in accordance with claim 1, wherein the at
least one test object (40) has a light source which is switched
on or off to change the test object (40).

10. A test method in accordance with claim 1, wherein the
atleastonetest object (50, 60) has a diaphragm (52, 62) which
is opened or closed for changing the test object (50, 60).

11. A test method in accordance with claim 10, wherein the
diaphragm is a liquid crystal shutter.

12. An optical sensor (10) for monitoring a monitored
zone, having

a detection device for observing a detection zone (12)

including the monitored zone; and

at least one test object (20, 30, 40, 50, 60) with in the

detection zone (12),
wherein the optical sensor further comprises:
a change device for changing an initial position in the
detection zone (12), the alignment or the optical prop-
erties of the at least one test object (20, 30, 40, 50, 60),
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the initial position in the detection zone is changed to a
predetermined displacement position; and

an evaluation device (18) for evaluating a signal of the

detection device and for producing a test signal in depen-
dence onthe change ofthe atleast one test object (20, 30,
40, 50, 60), wherein the evaluated signal does not cor-
respond to the test signal.

13. An optical sensor in accordance with claim 12, wherein
it is a two-dimensional or three-dimensional scanner (10).

14. An optical sensor in accordance with claim 12, wherein
it is a distance measurement system.

15. An optical sensor in accordance with claim 14, wherein
the sensor works in accordance with the principle of the time
of flight of light.

16. An optical sensor in accordance with claim 12, wherein
the detection device includes a camera.

17. An optical sensor in accordance with claim 12, wherein
the detection device is configured such that it can detect the
reflection or the remission of the test object.

18. An optical sensor in accordance with claim 12, wherein
the change device includes a device for moving the at least
one test object (20, 30).

19. An optical sensor in accordance with claim 18, wherein
the change device includes a device for displacing the at least
one test object (20).

20. An optical sensor in accordance with claim 18, wherein
the change device includes a device for rotating the at least
one test object (30) and the test object (30) is not the same
from all sides.

21. Anoptical sensor in accordance with claim 12, wherein
the at least one test object (40) includes a light source and the
change device includes a device for switching the light source
on and off.

22. Anoptical sensor in accordance with claim 12, wherein
the at least one test object (50, 60) has a diaphragm (52, 62)
and the change device has a device for opening or closing the
diaphragm (52, 62).

23. Anoptical sensor in accordance with claim 22, wherein
the diaphragm is a liquid crystal shutter.
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